12 United States Patent

US009832892B2

(10) Patent No.: US 9.832.892 B2

Schillinger et al. 45) Date of Patent: Nov. 28, 2017

(54) SENSOR FOR OUTPUTTING AN ELECTRIC (52) U.S. CL
SIGNAL ON THE BASIS OF A DETECTED CPC ... HO5K 5/0034 (2013.01); GO1D 11/245
PHYSICAL VARIARIE (2013.01); GOID 18/00 (2013.01);

(71) Applicant: Continental Teves AG & Co. oHG,
Frankfurt (DE)

(72) Inventors: Jakob Schillinger, Gaimersheim (DE);
Dietmar Huber, Rodermark (DE);
Lothar Biebricher, Oberusel (DE);
Manfred Goll, Glauberg (DE); Marco
Benner, Biedenkopi-Wallau (DE)

(73) Assignee: Continental Teves AG & Co. oHG,
Frankfurt (DE)
*)  Notice: Subject to any disclaimer, the term of this
] Y
patent 1s extended or adjusted under 35

U.S.C. 154(b) by O days.
(21) Appl. No.: 14/648,782

(22) PCT Filed: Nov. 29, 2013

(86) PCT No.: PCT/EP2013/075186
§ 371 (c)(1),
(2) Date: Jun. 1, 2015

(87) PCT Pub. No.: W02014/095314
PCT Pub. Date: Jun. 26, 2014

(65) Prior Publication Data
US 2015/0316584 Al Nov. 5, 2015
(30) Foreign Application Priority Data
Dec. 20, 2012 (DE) .o, 10 2012 224 102
(51) Int. CL
GOIR 33/02 (2006.01)
HO5K 5/00 (2006.01)
(Continued)
2\A
772 | WA AT ATV i
l
12

T ﬁ"\il?ffllllfﬁf\HF v i

(Continued)

(358) Field of Classification Search
CpPC ... GO1R 33/09; GOIR 33/093; GOIR 33/07;
HO1L 2224/48247

(Continued)

(56) References Cited
U.S. PATENT DOCUMENTS

9/1990 Shibata
2/1995 Ikeda

(Continued)

4,957,876 A
5,380,730 A

FOREIGN PATENT DOCUMENTS

CN 101960933 1/2011
CN 102171016 8/2011
(Continued)

OTHER PUBLICATTONS

German Search Report for German Application No. 10 2013 224
652.8 dated Dec. 8, 2014, including partial translation.

(Continued)

Primary Examiner — Glovanm Astacio-Oquendo
(74) Attorney, Agent, or Firm — RatnerPrestia

(57) ABSTRACT

A sensor for outputting an electrical signal on the basis of a
detected physical variable, including: a measuring circuit
accommodated 1n a circuit housing and capable of contact-
ing an external circuit by an electric signal connection; and
a protective body consisting of a protective compound with
an opening, the compound surrounding the circuit housing
and the opening exposing part of the circuit housing. The
surface of the circuit housing has a moulded element which
1s surrounded by the protective compound.
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SENSOR FOR OUTPUTTING AN ELECTRIC
SIGNAL ON THE BASIS OF A DETECTED
PHYSICAL VARIABLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Phase Application of

PCT International Application No. PCT/EP2013/075186,
filed Nov. 29, 2013, which claims priority to German Patent

Application No. 10 2012 224 102.7, filed Dec. 20, 2012, the

contents of such applications being incorporated by refer-
ence herein.

FIELD OF THE INVENTION

The mnvention relates to a sensor for outputting an elec-
trical signal on the basis of a detected physical variable, and
to a method for producing a sensor for outputting an
clectrical signal on the basis of a detected physical vanable.

BACKGROUND OF THE INVENTION

WO 2010/037810 A1, which 1s incorporated by reference,

discloses a sensor for outputting an electrical signal on the
basis of a detected physical variable. The sensor has a
measuring circuit which 1s accommodated 1n a circuit hous-
ng.

SUMMARY OF THE INVENTION

According to one aspect of the invention, a sensor for
outputting an electrical signal on the basis of a detected
physical variable comprises a measuring circuit which 1s
accommodated 1n a circuit housing and with which an
external circuit can make contact by means of an electrical
signal connection, and a protective body which surrounds
the circuit housing and 1s composed of a protective com-
pound and has an opening by means of which a portion of
the circuit housing 1s exposed. In this case, the circuit
housing has, on its surface, a shaped element which 1s
surrounded by the protective compound.

The specified sensor 1s based on the consideration that the
protective compound and the circuit housing are subjected to
thermal expansion eflects on account of which the protective
compound of the protective body could become detached
from the circuit housing and thereby form a gap between the
protective body and the circuit housing. Moisture and other
reagents could enter this gap, and said moisture and other
reagents could, after a relatively long operating time of the
sensor, lead to corrosion or migration of the sensor 1n the
region ol the signal connection and thereby accordingly
interrupt or short-circuit the signal connection.

This consideration 1s based on the 1dea of, for the speci-
fied sensor, designing the distance in the gap for the above-
mentioned moisture and reagents to be as long as possible.
To this end, at least one shaped element, which 1s surrounded
by the protective compound of the protective body, can be
formed on the surface of the circuit housing. That 1s to say
that the circuit housing and the protective body are inter-
meshed and thereby lengthen the abovementioned gap. The
moisture and the reagents therefore have to cover a longer
distance through the gap belfore reaching the signal connec-
tion. In this way, the operating time of the specified sensor
until the abovementioned corrosion or migration occurs can
be increased, so that a failure rate of the specified sensor can
be reduced.
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In one development of the specified method, the shaped
clement runs around the periphery of the circuit housing.
This development 1s based on the consideration that the
abovementioned gap 1s therefore produced only because the
circuit housing and the protective body, as already men-
tioned, expand with different coeflicients of expansion. The
present development makes use of this fact that the circuit
housing and the protective body mtermesh on account of the
shaped element. That 1s to say that one of the two meshing
partners, the circuit housing or the protective body, has a
recess and the correspondingly other of the two meshing
partners has a projection which 1s received 1n the recess in
a substantially interlocking manner. When the protective
body has a higher coeflicient of expansion than the circuit
housing, 1t will contract 1n relation to the circuit housing and
its meshing partner will radially close the meshing partner
on the circuit housing when 1t 1s cold. When 1t 1s hot, the
protective body will expand 1n relation to the circuit housing
and its meshing partner will axially close the meshing
partner on the circuit housing. If the shaped element as the
meshing partner on the circuit housing therefore runs around
the periphery of said circuit housing, the above gap can be
reliably closed 1n the above-described manner 1rrespective
of heat and cold.

Although the shaped element can, in principle, be a
depression 1n the circuit housing, 1n a particular develop-
ment of the specified sensor, the shaped element 1s a rib
which, 1n respect of production, can be attached to the circuit
housing in a particularly simple manner and can be encap-
sulated or cast.

In a preferred development of the specified sensor, the
protective compound has a coetlicient of expansion which 1s
greater than or equal to a coeflicient of expansion of the
circuit housing, as a result of which 1t 1s possible, 1n the
above-described manner, for the gap between the circuit
housing and the protective body to be reliably closed inde-
pendently of cold or heat.

In a particularly preferred development of the specified
sensor, a wall of the shaped element has a pitch angle 1n
relation to the surface of the circuit housing which lies 1n a
range of between 70° and 88°. This pitch angle provides
particularly effective sealing of the abovementioned gap
irrespective of heat and cold 1n the described manner.

In another development of the specified sensor, the pro-
tective compound can be sprayed or molded around the
circuit housing, wherein the shrinkage of said protective
compound during curing after spraying or molding 1is
selected to be less than shrinkage during cooling from a
working temperature of the sensor to a solidification tem-
perature of the protective compound. This ensures that the
protective compound also lies against a portion of the
shaped element of the circuit housing during solidification
and thereby reliably closes the gap 1n the above-described
mannet.

In yet another development of the specified sensor, at least
a portion of the surface of the circuit housing 1s activated 1n
the region of contact with the protective compound. In the
text which follows, activation of the surface of the circuit
housing 1s intended to be understood to mean partial destruc-
tion of the molecular structure of the surface of the circuit
housing, so that free radicals are produced on the surface of
the circuit housing. These free radicals are able to form
chemical and/or physical bonds to the protective compound,
so that said protective compound can no longer become
detached from the surface of the circuit housing. The pro-
duction of the abovementioned gap can be almost com-
pletely avoided in this way. If said gap still occurs, the
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abovementioned measures eflectively prevent the above-
mentioned moisture and reagents reaching the signal con-
nection of the sensor through the gap.

In this case, the protective mass can comprise a polar
material, such as polyamide. The polar polyamide can
physically bond to the activated surface of the circuit
housing 1n a manner known to a person skilled 1n the art and
in this way close the above gap. Further bonds are possible
which, in the molten state of the protective mass, have a
polar surface and as a result form a bond with the activated
surface of the circuit housing. This bond which 1s formed 1s
maintained after the molten protective compound solidifies.

In an additional development of the specified sensor, at
least a portion of the surface of the circuit housing is
roughened 1n the region of contact with the protective
compound, and therefore the eflective activated surface is
increased 1n size and the adhesion effect between the circuit
housing and the protective compound 1s improved.

In a particular development of the specified sensor, the
roughened portion of the surface of the circuit housing 1s
roughened using a laser. The laser can be used not only to
activate the surface of the circuit housing but any mold-
release agent which may be present and could suppress
adhesion between the circuit housing and the protective
compound can also be removed from the surface of the
circuit housing by the laser.

However, as an alternative, the laser can also be used only
to roughen the surface. In this case, the activation can be
carried out, for example, using a plasma.

According to a further aspect of the invention, a method
for producing a sensor for outputting an electrical signal on
the basis of a detected physical variable comprises the steps
of:

accommodating a measuring circuit, with which an exter-

nal circuit can make contact by means of an electrical
signal connection, 1n a circuit housing,

roughening at least a portion of the surface of the circuit

housing, and

accommodating the circuit housing with a protective

compound at least in the region of the roughened
surface.

Owing to the roughening of the surface, at least small
shaped elements are created 1n the above-described manner,
it being possible to delay the ingress of moisture and
reagents into the gap by way of said small shaped elements,
in order to increase the service life of the produced sensor.

In this case, the roughening particularly preferably takes
place by means of a laser.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-described properties, features and advantages
of this invention and also the manner 1n which these are
achieved will become clearer and more easily comprehen-
sible 1n connection with the following description of the
exemplary embodiments which will be explained 1n greater
detail in connection with the drawings, 1n which:

FIG. 1 shows a sectional view through a circuit compris-
Ing a sensor,

FIG. 2 shows a schematic view of one portion of the

sensor from FIG. 1,
FIG. 3 shows a detail of the sensor from FIG. 2, and

FIG. 4 shows a further detail from the sensor from FIG.

2.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

In the figures, i1dentical technical elements are provided
with the same reference symbols and described only once.
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Reference 1s made to FIG. 1 which shows a sectional view
through a circuit 2 comprising a sensor 4.

In the present embodiment, the sensor 4 1s designed as a
magnetic field sensor, as 1s used, for example, in rotation
speed sensors for detecting a screened magnetic field. The
magnetic field sensor 4 has a measuring pick-up 6, such as
a Hall sensor or a magnetoresistive measuring pick-up
which 1s known per se for example, and an evaluation circuit
10 which 1s connected to the measuring pick-up 6 by means
of bonding wires 8. In this case, the measuring pick-up 6 and
its evaluation circuit 10 can be combined in a common
component. The measuring pick-up 6 and the evaluation
circuit 10 are held on a leadframe 12, wherein the leadirame
makes electrical contact with the evaluation circuit 10 via
bonding wires 8. A magnet 14 can optionally be held on a
side of the leadirame 12 which 1s situated opposite the
measuring pick-up 6, said magnet, 1n a manner which 1s
known to a person skilled in the art, defining an operating
point for the measuring pick-up 6 when this 1s necessary for
use as 1s the case 1 some magnetoresistive measuring
pick-ups.

Measurement signals from the measuring pick-up 6, for
example a Hall voltage from a measuring pick-up 6 which
1s 1n the form of a Hall sensor, can be transmitted via the
bonding wires 8. The measurement signals can be filtered,
converted and encoded in the evaluation circuit 10. The
measurement signals which are evaluated by the evaluation
circuit 10 can then be transmitted to conductor tracks 15 of
the leadirame 12 via bonding wires between the evaluation
circuit 10 and the leadirame 12, 1t being possible for said
conductor tracks to then forward the evaluated measurement
signals, for example, to a motor controller 1 a vehicle.

The conductor tracks 15 on the leadirame 12 are struc-
tured by means of recesses 16 and, in addition to the
magnetic field sensor 4, can carry further electrical compo-
nents, such as a protective capacitor 18 for example, for the
magnetic field sensor 4.

The individual electrical components 4, 18 on the lead-
frame 12 can each be surrounded by a component protective
compound 20. This component protective compound 20
serves the electrical individual components 4, 18 in the form
of a component protective body which protects against
umntentional contact being made with the electrical com-
ponents 4, 18, for example when mounting said components
on the leadirame 12.

In the present embodiment, all of the electrical compo-
nents 4, 18 are surrounded by a circuit protective compound
21 1n order to protect the circuit, which 1s formed on the
basis of the leadframe 12, the conductor tracks 15 and the
clectrical components 4, 18, against soiling and moisture
and to increase the service life of said circuait.

However, in this case, as little circuit protective com-
pound 21 as possible should be used for producing the
circuit protective body, and for this reason 1t would be
expedient to not cover a portion of the component protective
compound 20 of the electrical components 4, 18 with the
circuit protective compound 21.

If, for example, a portion of the component protective
compound 20 of the magnetic field sensor 4 i1s not covered
by the circuit protective compound 21, the circuit protective
body, which 1s formed by the circuit protective compound
20, then has an opening 22.

However, this opening 22 can be problematical since the
magnetic field sensor 4 1s, in principle, subject to fluctua-
tions 1n temperature which can lead to different thermal
expansions of the component protective compound 20 and
of the circuit protective compound 21. If the component
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protective compound 20 comprises, for example, a thermo-
setting material, such as an epoxy resin for example, and 1s
encased by a thermoplastic as the circuit protective com-
pound 21, such as a polyamide for example, the polyamide
then expands more quickly than the epoxy resin on account
of a higher coetlicient of thermal expansion. In this case, the
circuit protective compound 21 can become detached from
the component protective compound 20, as a result of which
a gap 24 forms between the two elements, 1t being possible
for moisture 26, which 1s indicated 1 FIG. 2 for example, to
enter said gap.

This 1s intended to be explained in greater detail with
reference to FIG. 2 which shows a schematic view of a
portion of the magnetic field sensor 4 from FIG. 1.

The moisture 26 could, as indicated 1n FIG. 2, move
through the gap 24 to the bonding wires 8 and the conductor
tracks 15, of which only the conductor tracks 15 are shown
in FIG. 2. This moisture could corrode, and in this way
interrupt, the bonding wires 8 and the conductor tracks, or
migrate and thereby short-circuit said bonding wires and
conductor tracks 1n relation to one another. In both cases, the
magnetic field sensor 4 would become non-functional and
would fail.

In order to delay the situation of the moisture 26 reaching,
the bonding wires 8 and the conductor tracks 15 for as long
as possible, shaped elements 1n the form of ribs 28 are
formed on the component protective compound 20 in the
present embodiment, the moisture 26 1n the gap 24 having
to flow around said shaped elements. This lengthens the
distance through the gap 24 for the moisture 26, this
delaying the abovementioned resulting eflects of the mois-
ture 26 on the bonding wires 8 and the conductor tracks 15
and 1t thereby being possible for the magnetic field sensor 4
to remain 1n operation for a longer period of time.

When the circuit protective compound 21 1s applied to the
component protective compound 20, the ribs 28 can be
encapsulated 1n a simple manner.

The ribs 28 preferably run around the periphery of the
magnetic field sensor 4. The sealing eflect provided by the
ribs 28 can be further improved i this way, this being
explained 1n greater detail below with reference to FIGS. 3
and 4.

The gap 24 between the component protective compound
20 and the circuit protective compound 21 1s mtended to be
described with reference to FIG. 3 when the magnetic field
sensor 4 1s subjected to a very low temperature which 1s, for
example, considerably lower than an operating temperature
of the magnetic field sensor 4.

In the magnetic field sensor 4, the circuit protective
compound 21 which forms the circuit protective body
shrinks more quickly than the component protective com-
pound 20. That 1s to say that the circuit protective compound
21 moves toward the component protective compound 20 1n
a radial direction 30, that 1s to say it traps the component
protective body which 1s formed by the component protec-
tive compound 20. Therefore, the circuit protective com-
pound 21 lies on the radial tips 32 of the ribs 28 and in this
way closes the gap 24 at this point. Although a tongue 34
which engages between the ribs 28 and 1s composed of the
circuit protective compound 21 contracts 1n the axial direc-
tion 36 and thus opens the gap 24 at the axial walls 38 of the
ribs 28, there 1s no continuous gap 24 to the conductor tracks
15 and the bonding wires 8, and therefore no moisture 26 can
enter there either.

FIG. 4 shows the conditions under which the magnetic
field sensor 4 1s subjected to a very high temperature which
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can lie, for example, 1n the region of the operating tempera-
ture of the magnetic field sensor 4.

In this case, although the entire circuit protective com-
pound 21 expands and becomes detached, for example, from
the radial tips 32 of the ribs 28 1n the radial direction 30, the
tongue 34 also expands in the axial direction 36 at the same
time and 1n this way closes the gap 24 at the axial walls 38
of the ribs, and therefore there 1s no continuous gap 24 as far
as the bonding wires 8 1n this case either.

In order to achieve a particularly good closure eflect of the
gap 24 at the axial walls 38 of the ribs 28 1n this case, the
axial walls 38 should be inclined in relation to a radial
surface 40 of the component protective body, which 1s
formed by the component protective compound 20, at a pitch
angle 42 of between 70° and 88°,

Further measures can be taken in order to improve the
adhesion eflect between the circuit protective compound 21
and the component protective compound 20. For example,
the entire surface of the component protective body, which
1s formed by the component protective compound 20, can be
activated, as in WO 2010/037810 A1, which is incorporated
by reference, and therefore the circuit protective compound
21 which 1s 1n the form of polyamide adheres better to the
surface of the component protective body which 1s formed
by the component protective compound 20. Details of this
can be found 1n said document.

Furthermore, the surface of the component protective
body, which 1s formed by the component protective com-
pound 20, can be activated using a laser, as a result of which
the surface of the component protective body, which 1s
formed by the component protective compound 20, 15 fur-
ther increased i size and the adhesion conditions for the
circuit protective compound 21 on the component protective
body, which 1s formed by the component protective com-
pound 20, are further improved.

The mvention claimed 1s:

1. A sensor for outputting an electrical signal on the basis
of a detected physical variable, comprising:

a measuring circuit which 1s accommodated 1n a circuit
housing and with which an external circuit can make
contact by an electrical signal connection, and

a protective body which surrounds the circuit housing and
1s composed ol a protective compound and has an
opening by which a portion of the circuit housing is
exposed,

wherein the circuit housing has, on 1ts surface, at least one
rib which runs all of the way around a periphery of the
circuit housing and 1s surrounded by the protective
compound.

2. The sensor as claimed in claim 1, wherein the protec-
tive compound has a coellicient of expansion which 1s
greater than or equal to a coeflicient of expansion of the
circuit housing.

3. The sensor as claimed 1n claim 1, wherein a wall of the
shaped element has a pitch angle 1n relation to the surface of
the circuit housing 1n a range of between 70° and 88°.

4. The sensor as claimed 1n claim 1, wherein the protec-
tive compound can be sprayed or molded around the circuit
housing, wherein shrinkage of said protective compound
during curing aiter spraying or molding 1s selected to be less
than shrinkage during cooling from a solidification tempera-
ture of the protective compound to an operating temperature
of the sensor.

5. The sensor as claimed in claim 1, wherein at least a
portion of the surface of the circuit housing 1s activated in
the region of contact with the protective compound.
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6. The sensor as claimed 1n claim 1, wherein at least a
portion of the surface of the circuit housing 1s roughened in
the region of contact with the protective compound.

7. The sensor as claimed 1n claim 6, wherein the rough-
ened portion of the surface of the circuit housing i1s rough- 5
ened using a laser.

8. A method for producing a sensor for outputting an
clectrical signal on the basis of a detected physical variable,
comprising;

accommodating a measuring circuit, with which an exter- 10

nal circuit can make contact by an electrical signal
connection, 1n a circuit housing having, on 1ts surface,
at least one rib which runs all of the way around a
periphery of the circuit housing,

roughening at least a portion of the surface of the circuit 15

housing using a laser and

accommodating the circuit housing with a protective

compound at least in a region of the roughened surface
such that the at least one rib on the surface of the circuit
housing 1s surrounded by the protective compound. 20
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